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Factors Influencing Hatchability 
in the Domestic Fowl 
E. M. FUNK 
More than 500,000,000 chickens are raised in the United States 
annually. It is a conservative estimate that more than a billion 
eggs are set each year and that 30 per cent or more of these eggs 
do not ha:tch. Thus each year more than twenty-five million dozen 
eggs become a total loss to the poultry industry. 
There are wide variations in hatching results indicating that 
optimum conditions for incubation do not always prevail. The 
causes of poor hatches are often difficult to detect but they are 
present, nevertheless. The hatching of an egg is the culmination 
of a series of complicated biological processes. Any factor affect-
ing these processes influences the hatchability of the egg. 
This publication presents results obtained by the Poultry De-
partment of the Missouri Agricultural Experiment Station from 
studies of factors -influencing the hatchability of eggs of the do-
mestiC. fowl. · It is hoped th'a:t some cif these results may be helpful 
in increasingthehatchability ofthe eggs used by poultry bree,ders 
and hatcherymen for incubation putposes. 
SOURCE OF DATA 
This publication is based principally on data collected from 
1931-34 inclusive at the dates indicated in the tables and figures. 
The stock . which produced the hatching eggs for this study 
were the strains of White and Barred Plymouth Rocks, Rhode Is-
land Reds, and Single-comb Whit.e Leghorns which have been bred 
at this station fo.r several years. They were fed a mash consist-
ing of .200 pounds yellow corn meal, 200 pounds wheat br~n, 200 
pounds wheat shorts, 1.50 pounds meat-scraps and 7 pounds salt. 
The grain feed was whole yellow corn. In 193q, 75 pounds of alfalfa 
I!J:eal. repl<;tced ~l!: · ~qu~l .amount of bran in the above ration. 'Thir-
ty~ five po'urids ?f dri~_d· inill( -was us.ed to replace 2.4 pounds of meat 
scrap in1933 and 1934. When the weather was favorable the birds 
were giveri ·btitside.' range wher.e gr~en £eed was· available. Cod 
liver oir·was-a~ife~ ·to t~~ _rittio0s:iri _t933 anq 1934 . .. During th~ 
NOTJ!i . .:...:Th.;_ auth.or wishes to ack!'owledge the_ cooperation of Missouri hatcberymen 
who supphed the hatch1ng data for studymg- the effect of temperature on hatching results. 
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hatching season of 1934 all-night lights were used on all breeding 
stock. 
The hatching eggs were gathered daily except when freezing 
temperatures prevailed in the laying houses; then they were gath-
ered several times each day. They were held in a basement where 
the temperature during the regular hatching season was below 
68°F. The first hatch each year wa·s completed the first week in 
February and the regular hatching season was continued for ten 
consecutive weekly hatches. Usually the eggs were from one to 
seven days old but in. some cases, as later noted, they were held 
longer. All chicks hatched were individually pedigreed. 
Forced draft incubators were used for incubating the eggs. 
The pre-incubation treatments were given with small sectional in-
cubators. The term pre-incubation is used to denote artificial in-
cubation immediately after laying, before the eggs cooled. The 
for~ed draft machines were operated at 99-100°F and the sectional 
incubators at 101 °F. The moisture pans in all machines were kept 
filled throughout the incubation period. 
The hatchery records were selected from a number of re-
ports submitte<;l. by Missouri hatcherymen. The selection was 
made on type of hatchery, size of hatchery and kind of equipment 
so that the records used were considered representative of Missouri 
and midwestern conditions. The outside temperatures were tak-
en from t~e records of the United States Weather Bureau, Colum-
bia, Missouri. 
SEASONAL VARIATION IN HATCHING RESULTS 
An examination of the records of these Missouri hatcheries 
showed rather wide variations in hatching results during the year. 
Best results were obtained during the natural breeding season for 
birds, the spring of the year. Poorest results were obtained dur-
ing the summer months when adverse weather conditions were prev-
alent and also during periods following extremely cold weather. 
Figure 1 shows the variation in hatching results of two Missouri 
hatcheries from 1930-33. 
A brief description of the hatcheries from which were obtained 
the hatching records for studying seasonal variations in hatching 
results is as follows: Hatchery A was a large Central Missouri 
hatchery which had sectional machines. Hatchery B was a me-
ciium sized hatchery located in Central Missouri and equipped with 
sectional incubators. Hatchery C, a small (30,000 egg capacity) 
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Figure 1.-Seasonal variation in hatching results. Hatcheries A and E. 1930-34. 
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hatchery equipped with forced draft incubators was located m 
Southeast Missouri. Hatchery D was a medium sized hatchery 
equipped with forced draft incubators and located in West Central 
Missouri. Hatchery E was a large hatchery located in West Cen-
tral Missouri and equipped with forced draft incubators contain-
ing cooling systems for reducing incubator temperatures in hot 
weather. 
Effect of Summer Tempe'rature on Hatching Results.-That 
hot weather depresses hatchability is shown quite clearly by fig-
ure 2. These results are for a large Missouri hatchery which set 
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Figure 2.~Effect of sum~r temperatures on hatching results. 
Hatchery A. 1930-33. 
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7,547,470 eggs during these four years. The number of eggs in-
cubated each month during this period ranged from 87,g6o to 43g,-
020. Figure 1 indicates that Hatchery E was able to secure high-
er percentages of hatches during hot weather than Hatchery A; 
however, the results obtained by Hatchery E during the summer 
were considerably lower than those obtained duririg the spring. 
It may be interesting to observe that if one a:ssumes egg prices to 
be the same in August as in May the egg cost of producing chicks 
in 1g3o by Hatchery A was increased approximately 50 per cent 
from May to August because of changes in temperature. Sixty 
per cent hatches in May were reduced to 40 per cent hatches by 
July and August .. That the change in temperature was the ex-
planation for this decrease in hatching percentages is indicated by 
the fact that as soon as the temperature declined in the fall the 
percentage of hatch increased. 
There are possibly three plausible expla·nations for the effect 
of high outside temperatures on hatchability. (1) The mating 
habits of the birds are depressed during hot weather and therefore 
fertility is decreased. (2) Ventilation in the incubators is reduced 
by sluggish air movement and outside temperatures run so high 
that it is difficult to maintain correct operating temperatures. (3) 
Eggs used by hatcheries are produced on general farms where, 
in many cases, facilities for holding eggs at low temperatures are 
not available and therefore the •eggs are held at temperatures fre-
{1Uently above gooF. At these high and often widely fluctuating 
temperatures the embryos develop to a point wher·e they are easily 
killed because incubation is slow and interrupted by changes in 
temperature. Table 14 shows .that eggs which were pre-incubated 
at 101 °F for 18 to 26 hours hatched poorly. Holding eggs for 
several days at gooF or higher would in all probability cause the 
embryos to develop as far as those which were held at 101 °F for 
18 hours and therefore would be fatal to an equal percentage of 
embryos. 
Effect of Low Outside Temperature on Hatching Results.-
Those who operate hatchcri~s where sudden changes in outside 
temperatures occur during the ha:tching season have observed 
that after a: severe drop in temperature hatching results are poor. 
Figures 3 and 4 show the eiTccts of those sudden changes in tem-
perature for one hatchery for f• :ur years and for four hatcheries for 
one year. Eggs laid during tl:e week when a sudden decline in 
temperature occurred were not :tffected. This would indicate that 
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TABLE 1.-EFFECT OF Low TEMPERATURES BEFORE INCUBATIO N 
ON HATCHABILITY. 1931 
P•rc•ntage Percentage Percentage hatch 
of of dead Chicks 
Eggs set infertile embryos hatched All eggs Fertile eggs 
194 9.8 21.6 133 68 .6 76.0 
131 ll . S 20 . 6 89 67.9 76.7 
105 9.5 17 .I 77 73.4 81.1 
193 31.1 23 .R 87 45.1 65.4 
58 12 .I 51.7 21 36.2 41.2 
78 48.7 48.7 2 2.6 5.0 
59 35.6 64.4 0 0 0 
63 31.7 68.3 0 0 0 
752 9 .0 20.1 533 70.9 77.9 
*The controls were held in a basement at a temperature of 45°-60° F . The other eggs were held:in 
a n electric household refrigerator where thi: temperature varied from 32°F. to 38°F. 
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Figure 3.-Effect of a sudden drop in outside temperature on 
hatching results. Hatchery A. 1931-34. 
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chilling of hatching eggs was not harmful to· their hatchability. 
As further evidence that moderate chilling does not adversely affect 
hatching results the reader's attention is call-ed to Table 1. These 
results show that holding eggs in an electric refrigerator at 32 to 
38°F.for 48 hours or less was not detrimental to hatchability. Eggs 
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· held for 4, 5, 6, 7, and 8 days at this low temperature showed a 
progressive decrease in hatching results until the zero point of 
hatching power was reached at 168 hours. 
Those eggs hatched poorly that were laid during the first ~nd 
second weeks following the week in which the severe decline in tem-
perature occurred. These poor hatching results were probably due 
to a failure of the birds to mate because of frozen combs and wat-
tles and because of their general inactivity during such weather. 
From the results shown it seems logical to predict about a 10 per 
cent decrease in hatching results for eggs which are laid during the 
first two weeks following a s~vere drop in temperature. Hatchery-
men may more accurately estimate the number of chicks they may 
expect for filling orders by considering the weather which prevailed 
four and five weeks previous to the time the orders ar·e to be filled .. 
BREEDING STOCK 
Relation of Egg Production and Hartchability.-The produc-
tion of a large number of eggs which poss·ess superior hatching 
qualities is one of the goals of the poultry breeder. There is some 
difference of opinion among poultrymen as to the relationship of 
these two characteristics. By means of correlation studies an at -
tempt was made by the Missouri Agricultural Experiment Statio· 
to determine the relation of hatchability to (1) winter produc-
tion, (2) spring production, and (3) annual production. The re-
sults are shown in Table 2. Under the conditions which prevailed 
at the Missouri Station from 1925-27 evidently there was a slight 
TABLE 2.-REI.ATION OF EGG PRODUCTION AND HATCHABILITY-1925-27. 
FACTORS ANALYZED . 
1. Hatchability (Percentage of fertile eggs hatched). 
2. Winter egg production (November,February). 
3. Spring egg production (March-June). 
4. Annual egg production. 
CoRRELATION CoEFFICIENTS DETERMINED FOR LEGHORNS AND HEAVY BREEDS* 
No. Birds r 12 r 1a r 14 
Leghorn hens _______ _____ 120 - .03± .06 .19± .06 .09± .06 
Leghorn pullets __________ 72 .02±.08 .22± .08 .18± .08 
Heavy hens-------------- 169 . 17± .05 .21 ± .05 .20± .05 
Heav ullets ___ - -------- 246 .0004± .04 .13± .04 .20± .04 yp 
*The heavy breeds were White and Barred Plymouth Rocks and Rhode Island 
Reds. 
positive correlation between the number of eggs l~id during the 
spring (March-June) and hatchability, and also between annual 
production and hatchability. The degree of association between 
the factors was small but there was some positive corr>elation. Ap-
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parently the number of eggs laid during the winter was not signifi-
cantly related to hatchability. Under normal conditions where 
the flock was well fed and properly managed hatchability was not 
lowered by high egg production. Thes·e results do not ~nswer 
directly the question as to whether forcing a flock into heavy pro-
duction will depress hatchability, but apparently high egg produc-
tion does not lower hatchability under normal conditions. Pe~rl, in 
1909 at the Maine Station, reported t hat high winter egg produc-
tion was associ~ted with low hatchability while low winter egg 
production was correlated with high hatchability. Pearl's results 
are as statistically significant as those presented in this publication, 
A plausible explanation of the apparent inconsistency between the 
Maine and Missouri data is that in 1909 the value of vitamins in 
poultry feeding was unknown and the type of house used for poul-
try usually had a glass front which permitted only small quantities 
of the ultra violet rays to reach the birds. Under these conditions 
the hens which laid most heavily depleted their vitamin D supply 
most rapidly and their eggs contained less vitamin D during the 
hatching season ~nd were lower in hatching power than were eggs 
laid by hens which had laid fewer eggs and therefore had depleted 
their vitamin supply less rapidly. In Missouri from 1925 to 1927 
the breeding stock was housed in an open-front type of house and 
in fair weather was given outside range, thereby being exposed to 
direct sunshine. Under these conditions the vitamin D supply of 
the birds would be more ne~rly maintained at a high level and thus 
eggs laid by high producing hens would contain sufficient vitamin 
D to insure satisfactory hatchability. 
It seems logical to expect some positive correlation between 
egg production and hatchability since both these factors may be 
regarded as indices of vitality. 
Hatchability of Hen and Pullet Eggs.-The relative value of 
hens and pullets for breeding purposes is debatable. This pub-
lication presents data on only one phase of this problem, the 
hatchability of fertile eggs produced by hens and pullets. It is 
evident from the results presented in Table 3 that the eggs laid 
by pullets hatched slightly better than eggs produced by hens. 
There were only two cases in the eleven comparisons where eggs 
laid by hens hatched better than those produced by pullets. These 
cases were not statistically significant. Chi-squaTe tests of signifi-
cance applied to Table 3 showed that the following comparisons were 
statistically significant: White Rocks in 1931 and 1934, Rhode Is-
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land Reds in 1931 and 1933, and Single Comb White Leghorns in 
1934. Since there are 9 cases out of 11 where pullet eggs hatched 
better than hen eggs (five statistically significant cases showing 
that eggs laid by pullets hatched better than those laid by hens 
and no statistically significant case showing that better hatch-
ing results were obtained with eggs laid by hens), it would be 
logical to conclude that eggs laid by pullets at the Missouri Sta-
tion from 1931-34 showed a higher percentage of hatchability than 
did those laid by hens. Possibly there are some good rea·sons for 
preferring eggs from hens for hatching purposes instead of using 
eggs laid by pullets, but apparently increased hatchability is not 
one of those reasons. 
TABLE 3.-RELATION OF AGE OF BREEDING STOCK. AND HATCHABILITY 
Breeding I Fertile Chicks Percentage of Breed Year Stock eggs set hatched hatchability 
I931 
Hens 496 HI 68.8 
White Plymouth Pullets 784 595 75.9 
Rocks 
I932 Hens I65 114 69.I 
Pullets I549 1163 75 . I 
I I934 Hens 562 392 69.8 Pullets I78 I45 81.5 
I93I 
Hens 249 I48 59.4 
Barred Plymouth Pullets 280 I60 57.I 
Rocks 
I932 Hens 99 56 56.6 
Pullets 458 309 67.5 
I933 Hens 91 48 52 . 8 
Pullets 296 I69 57 .I 
I934 Hens 110 74 67.3 
Pullets 326 I79 54.9 
I931 
Rhode Island Reds Hens 5I3 342 66.7 
Pullets 552 429 77 .7 
I933 Hens 814 596 73.2 
Pullets 971 773 79.6 
I933 
Single Comb White Hens 38I 323 84.8 
Leghorns Pullets 398 340 85.4 
I934 Hens IOIS 717 70 .6 
Pullets 543 440 81.0 
Relation of Egg Size and Hatchability.-Poultry breeders are 
interested in producing birds which lay large eggs and eggs which 
hatch well. A knowledge of the relationship of these two char-
acters should be helpful to the breeder. Tables 4 and 6 show the 
relationship between these characters as found at the Missouri 
Station. AU eggs laid on four successive days of each month 
were weighed. The mean egg-size for each hen was determined 
from the weights of the eggs laid from January to April. Hatch-
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ability was determined only for those birds which had at least 
10 fertile eggs. Only those eggs were incubated which were con-
sidered satisfactory hatching eggs. The results presented show 
the relation which existed between the characters egg-size and 
hatchability in the same hens. They show a nega:tive relationship 
between these two characters. Table 4 indicates quite clearly 
that the hens which laid the largest eggs also produced eggs with 
low hatchability. There was little difference between the ha:tch-
ability of eggs produced by hens laying small eggs and those lay-
ing medium sized eggs. Evidently large egg-size and low hatch-
ability were associated in the strains studied. The ability to pro-
duce eggs of high ha:tchability was correlated with the production 
of small or medium sized eggs. Whether these two qualities 
(large egg-size and high hatchability) can be bred into the same 
birds remains to be answered. They are not associated in the 
strains kept at this station. 
TABLE 4.-RELATIO N oF MEA N Eoo SrzE (JAN.-APR.) AND HATCHABILITY. 
1931-34 
54 Gra ms or less 55-58 grams 59-61 grams '62 Grams or more 
Breed Per- Per- Per- Per-
centage 
No. of hatch- No. 
centage 
of hat ch- No. 
centage 
of hatch- No. 
cent age 
of hatch-
Birds ability Birds ability Birds ability Birds ability 
---------------------White Rock Pullets • • • . 20 82 .6 39 82.3 15 80 .4 20 70 . 1 
White Rock Hens .• • •. 4 81.8 15 78. 5 13 70.7 20 67.5 
R. I. Red Pullets .•• - -- 10 68.8 48 82 . 3 25 78. 8 31 68 .8 R.I. Red Hens _______ 6 68. 2 17 76.2 24 72 . 8 24 60 . 3 
W. Leghorn Hens. _. __ 20 80.5 55 77.6 23 75 .6 27 73.1 TotaL __ • • ____ •• • 60 78.1 171 79 .9 100 75 .8 122 68 . 1 
TABLE 5 .-CORRELATION OF MEAN Eoo SIZE AND PERCENTAGE OF HATCHABILITY. 
1931-34 
Breed 
Rhode Island Red Pullets _________ _ 
Rhode Island Red Hens .. ____ __ ___ _ 
White Leghorn Hens------ - - - --- --White Rock Pullets (1932) __ __ ___ _ _ 
White Rock Hens ____ __ __________ _ 
No. Birds 
114 
71 
125 
62 
52 
Coefficient of 
Correlation 
-.13±.06 
-. 29± .07 
-.23±.06 
- .39± .07 
-.08±.09 
----------------~-------------------- ' 
Effect of Crossbreeding on Hatchability.--Crossing different 
breeds gave better hatchability than mating males and females of the 
same strain of purebred varieties. The results presented in Table 6 
confirm the work reported by other investigators which showed that 
crossing breeds improved hatchability. There are many problems to 
be considered before the poultryman should decide to use this method 
... 
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of mating. It is outside the scope of this publication to discuss the 
advantages and disadvantages of cross breeding other than those which 
relate to incubation. 
TABLE 6 .-EFFECT OF CROSS-BREEDING ON HATCHABILITY 
Year Kind of Mating Eggs set Percentage of hatchability 
1933 Barred Rock males and Barred Rock females 435 57 .0 
Rhode Isl and Red males and the above Barred Rock 
females 202 74 .0 
1934 White Leghorn males and White Leghorn females 1239 70 .6 
White Plymouth Rock male and the above White 
Leghorn females 266 80.1 
RELATION OF SHELL TEXTURE AND HATCHING 
RESULTS 
That eggs which appear mottled before a11' egg . candler are likely 
to hatch poorly is an opinion held by some poultrymen and hatchery-
men. An attempt was made to answer this question for eggs whi1ch 
were produced under normal conditions by testing the hatching qualities 
of eggs which appeared to have poor shell texture and also of those 
which showed good shell texture. This condition was determined by 
candling the eggs with an electric egg candler after the eggs were 
trayed and just before they were set. The eggs were from one to 
fourteen days old at the time they were candled. It may be of interest 
to note that 100 eggs selected at random from the station flock and 
candled within one hour after laying showed very little or no mottling 
at all. This condition prevailed for several hours but by the end of 48 
hours after laying practically all eggs had assumed: a definite appear-
ance before the candle and that this appearance remained fixed for as 
long as the eggs were candled ( 13 days). These eggs were held in a 
basement where the temperature and humidity were relatively uniform. 
TABLE 7.-RELATION OF SHELL TEXTURE AND HATCHING RESULTS 
Percentage Hatch 
Year Shell texture Eggs set All eggs Fertile eggs 
1931 Good 1011 54.8 67.1 
Poor 336 60.0 72.2 
1933 Good 1797 59 .0 76.3 
Poor 925 57.1 77.4 
The results as shown in Table 7 indicate quite clearly that shell texture 
as determined by candling does not affect hatching results. In 1931 
those eggs whi1ch showed a mottled appearance hatched better than 
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those eggs which were designated, as having good shell texture, while 
in 1933 the reverse of this condition appeared. Neither; of these tests 
showed a statistically significant difference in hatching results; there-
fore one may conclude that poor1 shell texture in eggs produced under 
normal conditions as determined by candling was not associated with 
hatching results. 
RELATION OF TIME (OF DAY) OF LAYING AND 
HATCHABILITY 
For several years all eggs laid at this station have been marked 
so that they might be grouped as follows: those laid before 9 a.m., 
between 9 and 12, between 12 and 2 p.m., and after 2 p.m. During 
the hatching seasons, of 1931, 1932, 1933 and 1934 the hatching results 
obtained wi'th each group were tabulated. A summary of these results 
is shown in Tables 8 and 9. • From these results it is evident that at 
this station during these four hatching seasons eggs laid in the after• 
noon hatched slightly better than eggs laid in the morning. Although 
the differences during the first three seasons were of no practical im-
portance, the differences for each of the four years were statist1cally 
significant. Therefore, we may conclude that under conditions such 
as prevailed at the Missouri Station from 1931 to 1934, eggs laid 
during the afternoon hatched better than those laid in the morning. 
An explanati1on of this difference awaits further research. 
TABLE B.-RELATION OF TIME (OF DAY) OF LAYING AND PERCENTAGE OF 
HATCHABILITY 
Time of Laying 
Year Eggs set Before 9 a. m. 9-12 12-2 After 2 p. m. 
1931 5433 75.4 76 . 1 80.0 76.2 
1932 6434 72.8 75.7 75.8 77 . 8 
1933 4972 74 . 2 73.3 76.6 76 . 8 
1934 5297 68 .0 66.1 72.9 76.7 
TABLE 9.-THE HATCHABILITY OF Eoos LAID IN THE MORNING AND AFTERNOON 
Morning Eggs Afternoon Eggs 
Percentage hatch 
Year Eggs set of fertile eggs 
Percentage hatch 
Eggs set of fertile eggs Difference 
1931 3472 75.7 1961 78.8 +3 . 1 
1932 4108 74.5 2326 76 .5 +2.0 
1933 2589 73.8 2383 76.7 +2.9 
1934 3204 68.0 2093 74.4 +6 .4 
EFFECT OF TURNING EGGS BEFORE INCUBATION ON 
HATCHABILITY 
Most hatcherymen and poultrymen consider it advisable to turn 
hatching eggs while being held before incubation, especially if the eggs. 
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are held for several days. That this practice may be merely a loss of 
labor, when eggs are held for one week ol: less before being placed in 
the incubator, is i'ndicated by Table 10. During the 1934 hatching 
season the eggs set in nine different hatches were divided into two 
groups, one lot being turned daily while the other lot was left unturned. 
These eggs were held in cartons and placed so that the eggs rested on 
the side. The results indicate quite clearly that turni'ng eggs which 
are held for one week or less does not influence hatching results. In 
fact the turning appeared to be harmful but the difference was not 
statistically significant and therefore one may conclude that no dif-
ference existed. That eggs held for longer than one week should be 
turned is a generally accepted practice whi1ch this station has not in-
vestigated. 
TABLE 10.-EFFECT OF TURNING EGGS BEFORE INCUBATION ON HATCHABILITY,* 1934 
Turned Not Turned 
Hatch Eggs set Percentage hatch of fertile eggs Eggs set Percentage hatch of fertile eggs 
2 202 68.4 301 70 . 6 
3 266 68.3 298 70.9 
4 222 60.5 257 60.9 
5 219 69 . 1 281 76.7 
6 368 71.9 442 73 . 8 
7 232 71.2 270 78 .6 
8 246 80.6 308 79 . 8 
9 213 61. 7 282 73.1 
10 193 65.2 205 68.1 
Total 2161 69 . 3 2644 72.6 
*These eggs were held from one to seven days before being incubated. 
EFFECT OF AGE OF EGG 
On Hatchability.-That eggs held for several days do not hatch 
as well as fresh eggs is common knowledge among poultrymen. The 
lc~ngth of time eggs can be held after laying without injuring their 
hatchability depends somewhat upon such environmental conditions 
as temperature. The results shown in Table 11 were obtarned w:ith 
eggs which were held at temperatures which ranged from 45 to 60° F. 
This temperature range is generally considered satisfactory. It will 
be observed that eggs held under these conditions for 8 to 14 days 
hatched as well as those which were held from 1 to 7 days. Thus it 
would appea1· that satisfactory hatching results may be obtained with 
eggs held for two weeks. The hatchability of eggs held longer than 
14 days gradually decreased until the zero point in hatching power was 
reached at 28 days. Fertility was determined by candling and there-
fore the apparent increase in infertility of eggs held longer than 21 
days was no doubt due to the death of embryos which had not advanced 
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far enough to be detected by candling. Early embryonic mortality was 
increased by the age of the hatching eggs but the percentage oB dead 
in the shell (D3 ) was not affected. If these eggs had been held at 
higher temperatures the eggs held from 8 to 14 clays would probably 
have shown a significant reduction in hatching results. This conclu-
sion is supported by unpublished data from this station which 
showed that when eggs were pre-incubated for 14 hours the hatch-
ability of eggs held for two and three weeks was considerably lower 
than that of eggs receiving the same pre-incubation treatment held 
only from :1. to 7 days. 
TABLE 11.-EFFECT OF AGE OF EGG ON HATCHABILITY-1933 
Percentage hatch 
Age of egg Fertile 
when set Eggs set I nfertile Dl D2 D3 Hatched All eggs eggs 
---1-7 days ______ 3253 816 137 78 366 1856 
Per cent ______ 25 .I 4.2 2.4 11.3 57 .I 76.2 
8-14 days _____ 930 206 36 20 132 536 
Per cent _____ _ 22.2 3.9 2.2 14.2 57.6 74.0 
15-21 days ____ 109 27 II 3 IS 53 Per cent ______ 24.8 10 . 1 2.8 13.8 48.6 64.6 
22-28 days ____ 61 36 4 6 7 8 
Per cent ______ 59.0 6.6 9.8 11.5 13. 1 32.0 
29-31 days ____ 19 19 Per cent ______ 100 0 
Dl, died before the lOth day. 
D2, died from 10th-18th days. 
D3, died after the 18th day. 
Those eggs which showed no embryonic development by candling were classed as infertile. 
The hatchery practice of setting eggs every week seems j Ltstifi.ed, 
particularly si'nce some flock owners do not have ideal conditions for 
holding hatching eggs. However, the flock owner wh0 wants to save 
a large number of eggs before setting can hold eggs under ideal con-
ditions two weeks or slightly longer without materially rcdncing the 
hatching results. 
On Length of Incubation Period.-It is a common observation 
of those who operate incubators that eggs which are set at the same 
time and incubated i~n the same machine vary rather widely in the time 
required to complete the hatch. The author has observed that eggs 
which were slow in hatching were frequently eggs which had been held 
longer before setting than those eggs which hatched "on time". Table 
12 reports the results of an investigation which was planned to de-
termine the relation of the age of the hatching egg :and the time re-
quired for incubation. Eggs from the same hens were used through-
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out the test. Each egg set was marked with the date on which it was 
laid, so that the age in days of every egg was known. Beginning soon 
after the first chicks hatched were "fluffed out" and continuing at 
intervals of 6 hours, the chi'cks which were ready to be removed fron! 
the machine were individually banded and the hour of banding re-
corded. The time of banding was considered the end of the incubation 
period for those chicks which were banded at that time. 
TABLE 12.-EFFECT OF AGE OF EGG O N T H E LENGTH OF THE I NCU BATION 
PERIOD 
Age of Egg (Days) 
1- 7 
8-14 
15-17 
1- 7 
8-14 
15-21 
1- 7 
8-14 
15-21 
1- 7 
8-14 
5 
40 
30 
I 
) I Incubation period in hours Number chicks hat ched ____ R_a_n-ge __ _: ____ M_e-an __ _ 
/ 
Test No. 1 Set April 6, 1934 
76 
78 
13 
492-528 
498-546 
516-546 
Test No. 2 Set June 8, 1934 
Con trois-Not pre-incubated 
39 
27 
13 
498-540 
504-540 
510-540 
Pre-Incubated 6 Hours before Cooling 
31 
28 
12 
492-534 
498-540 
510-540 
Pre-Incubated 14 hours before Cooling 
I 
... --
24 
21 
7 
I 
1/ 
I 
I 
v 
/ 
~I 
I 
/ 
I 
I 
/ I\ 
v \ 
492-510 
504-534 
EGGS 
--- EGGS 
~/ \ 
I \ \ \ 
f \ f \ 
I 
I \ v \ \ 
1\ \ \ 
\ 
\ 
" 
21 22 
DAYS OF INCUBATION 
1-7 0 1'\YS <; D 
8-14 D j',YS 0 D 
\ 
' 
' 
', 
.... 
' 
512 
522 
530 
513 
518 
527 
505 
515 
527 
505 
512 
23 
Figure 5.-Thc effect of age of egg on the length of the 
incubation period. 
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The results as presented in Table 12 and Figure 5, show that eggs 
which had been held for two or three weeks were considerably slower 
in hatching than those eggs which were not more than 7 days old. 
Slowness in hatching as found in a few trays of an incubator may be 
due to the age o£ the egg as it 1s evident that old eggs are much slower 
1n hatching than are fresh eggs. 
EFFECT OF PRE-INCUBATION ON THE LENGTH OF 
THE INCUBATION PERIOD 
Normal incubation temperatures had a cumulative effect on the 
development of chick embryos even though the peri'od of incubation 
was interrupted during the early stages. Table 13 shows that the number 
of hours the eggs were pre-incubated decreased the regular incnbation 
period approximately an equal number of hours so that the total num-
ber of hours of incubation was similar in each case, except for those 
TABLE 13.-EFFECT OF PRE-lNCUJlATION TEMPERATURE UPON THE LENGTH 
OF THE I NCUBATION PERIOD. SETTING MADE 4 / 6 /34 
Time held after laying T otal hours of 
at 101"F. before cooling Regular incubation incubation Number chicks 
Hours Hours 
0 532 532 54 
6 523 529 64 
12 519 531 61 
18 514 532 39 
24 498 522 39 
<~ggs which were warmed for 24 hours before cooling. No explanation 
is offered for this exception other than the possibility of' chance fluc-
tuation which was not eliminated by the size of the sample. This cumu-
lative effect of temperature is no doubt an explanation as to why 
chicks sometimes hatch many hours before the end of the regular 
incubation period. The eggs from which these chicks hatch have 
probably been held for several days at high temperatures. 
TABLE 14.- EFFECT OF PRE-INcUBATION oF Eoos oN HATCHI NG REs ULTs. 
Eoos LAID APRI L 13.20 AND SET A P RIL 21, 1934 
Time held at 101"F. after 
laying before cooling 
0 hours 
6- 8 hours 
12-14 hours 
18-20 hours 
24-26 hours 
Eggs set 
85 
88 
89 
84 
82 
Percentage:hatch of all eggs 
64.7 
72.7 
68 .5 
46.4 
47.6 
EFFECT OF LENGTH OF THE INCUBATION PERIOD ON 
MORTALITY 
Chicks which are slow in hatching are apparently low in vitality 
and more likely to die than chicks which hatch early. This fact is 
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indicated by the results shown in Table 14. In approximately the last 
10 per cent of the chicks which hatched at the Missouri Station in 
1934 the mortality to 8 weeks of age waS\ 24.0 per cent while the first 
90 per cent of the chicks which hatched suffered a loss of only 8.7 per 
cent for the same period. The following procedure was used during 
the hatching season when these data were collected. The eggs were 
set on Fridays at 4 p. m. The chicks designated as hatching during 
the regular incubation period were those which were ready to be 
removed from the incubator at 1 p.m. Saturday, three weeks following 
the day after the setting date. The chicks which were slow in hatch-
ing were those which were not "fluffed out" on Saturday at 1 p.m. and 
those which hatched between Saturday 1 p. m. and Sunday 9 a. m. 
This evidence appears to substantiate the opinion of poultrymen 
that 1ate hatched chicks are less desirable than those which hatch early 
or during the regular incubation period. These data would seem to 
justify the policy of some hatcherymen of discarding the eggs re-
maining on the hatching trays at a definite time even though there may 
be a few more eggs which might hatch. Evidently the chi'cks which 
are slow in hatching are subject to high mortality and therefore are 
more likely to bring complaints from customers than are those chicks 
which hatch "on time". 
TABLE· 15.-EFFECT OF LENGTH OF INCUBATION PERIOD ON MORTALITY TO 
8 WEEKS OF AGE. 1934 
Chicks which hatched during the 
regular incubation period Chicks which were •low in hatching 
Hatch Number 
Mortality 
Number 
Mortality 
Number hatched Number Per Cent hatched Number Per Cent 
3402 195 19 9. 7 15 5 33.3 
3403 262 16 6.1 25 6 24.0 
3404 188 17 9.0 14 6 42 .9 
3405 245 8 3. 3 20 4 20.0 
3406 398 39 9.8 31 8 25.8 
3407 232 29 12.5 38 11 29.0 
3408 286 16 5.6 31 1 3.2 
3409 414 36 8.7 37 6 16.2 
3410 185 30 16.2 22 9 40.9 
T tal 0 ?405 210 8.7 233 56 24.0 
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SUMMARY 
1. High temperatures during the summer months were detri-
mental to hatching results. The decrease in percentage of hatch dur-
ing the summer increased the egg cost per chick as much as SO per 
cent. 
2. Low temperatures resulting from sudden changes in weather 
conditions caused poor hatches four and five weeks following the sud-
den drop in temperature. Eggs laid during the week of the "cold 
waves" were apparently not affected. 
3. High egg production during the winter and spring months and 
during the entire year was not harmful to hatchability. Those birds 
which laid most eggs during the spring and throughout the entire year 
produced eggs which gave better hatching results than did those birds 
which produced few eggs. 
4. Eggs laid by pullets hatched better than eggs laid by hens. 
5. Large egg size and low hatchability were associated in the 
strains kept at this station. 
6. Cross breeding improved hatchability. 
7. Shell texture as found in eggs produced under normal condi-
tions and as determined by candling was not related to hatching 
results. 
8. Eggs laid in the afternoon hatched better than eggs laid in the 
morning. 
9. Turning eggs held from one to seven days before setting did 
not significantly influence hatching results. 
10. Hatchability decreased with the age of the egg when eggs 
were held longer than 14 days. Eggs held more than 28 days £,ailed 
to hatch. 
11. The time required for incubation was directly related to the 
age of the eggs set. Eggs which were from 14 to 21 daysi old lt'e-
quired from 14 to 18 hours longer for incubation than did those which 
were held for less than 8 days. 
12. Chilling eggs for 48 hours or less in an electric refrigerator 
where the temperature varied from 32 to 38° F. WJas not harmful to 
hatchability. Holding eggs under these conditions for 96 hours or 
longer decreased the hatching power of the eggs until the zero point 
of hatchability was reached at 196 hours. 
13. Temperature had a cumulative effect on the development of 
the chick embryos even though the processes of incubation were ar-
rested in the early stages. The length of the regular incut>ation period 
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was decreased approximately the same number of hours as the eggs 
were pre-incubated. 
14. Eggs pre-incubated at 101° F. from 18 to 26 hours after 
being laiid did not hatch as well as eggs which were cooled immedi-
ately after laying. Pre-incubating eggs for 6 hours and 12 hours did 
not significantly affect hatching results. Apparently embryonic de-
velopment which proceeds beyond the 18 hour stage before cooling is 
harmful to hatching results. 
15. Chicks which were slow in hatchi•ng were evidently low in 
vitality. Approximately the first 90 per cent of the chicks hatched had 
a mortality of 8.7 per cent during the first 8 weeks while the chicks 
which made up about the last 10 per cent of the hatches had a mor-
tality of 24.0 per cent for the same period. 
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